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(57) Abstract: The invention is a 
composition and method for treating 
acute pain using a composition containing 
one or more NSAIDs. The preferred 
compositions includes ibuprofen, sodium 
bicarbonate, and Gelucire. 
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(A) Composition for Enhanced absorption of NSAiDs 

(B) CROSS-REFERENCE TO RELATED APPLICATIONS 

Not applicable. 

5 

(0) STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH 
Not applicable. 

(D) BACKGROUND OF THE INVENTION 
10 (pi) FIELD OF THE INVENTION 

The present invention is directed to NSAID fonnulations having increased 
absorption in suppressed vagal systems. One of the primary NSAIDs, 
(±)-2-(4-lsobutylphenyl)propionlc acid, ibuprofen, is a potent and well tolerated 
anti-inflammatory, analgesic, and anti-pyretic compound. 

15 

(D2) DESCRIPTION OF RELATED ART = 

In the treatment of acute pain rapid absorption of orally administered analgesics 
is desirable. For non-steroidal anti-inflammatory drugs (NSAIDs), such as ibuprofen 
and ketoprofen, there appears to be a positive relationship between plasma drug 
2 0 concentration and analgesic activity. Any delay in absorption or reduction in the 

circulating dmg concentration may result in treatment failure or in reduced activity of the 
analgesic. One skilled in the art readily recognizes that analgesic fonnulations with 
enhanced absorption rates are expected to be more effective in treating acute pain. 

However, none of the widely available solid dosage fonns of NSAIDs have been 

2 5 claimed to be superior over the products of the same daig with respect to onset of 

action. This is despite differences in apparent rate of absorption usually measured in 
healthy volunteers. It appears that rapid absorption observed in healthy subjects does 
not necessarily result in a quick onset of action in patients experiencing pain. 

Jamali & Kunz, Brit J. Clin. Pharmacol., 47:391-396 (1999) have reported that, 

3 0 using dental surgery as a marker of pain, pain or its associated trauma causes reduced 

rate of absorption of ibuprofen. The publication details the absorption rates for two 
doses of ibuprofen, 200 mg and 600 mg. Surgery resulted in a two hour delay in the 
mean time to peak concentration, significant decreases in serum ibuprofen 
concentratbns following both doses, and a fall to sub-optimal serum concentrations 
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following the 200 mg dose. 

For example, during the first two hours after the 200 mg dose, dental extraction 
resulted in a significant reduction of the area under serum drug concentration (AUG o-2h, 
mg/L"^ /h) from 5.6± 2.9 to 1.6±1.8 (p<0.01) and imvn 6.5± 3.0 to 2.1± 2.0 (p<0.05) for S 
5 and R-ibuprofen, respectively. Similar observations were made following the 600 mg 
dose for AUCo-2h of S-ibuprofen (from 14.2 ± 6.1 to 7.2 ± 5,5 mg. L'^ .h, p<0.05) with no 
significant difference for R-ibuprofen (form 14.4 ± 9.5 to 5.8 ± 7.1 ). AUCo^h was also 
significantly reduced by surgery. 

The publication concludes that wisdom tooth removal, as an example of a person 

10 in pain, resulted in substantial decreases in the serum concentration of ibuprofen 

enantiomers and an increase in the period to peak concentration. Thus, dental patients 
may experience a delayejd. response and possible treptment failure when taking 
ibuprofen for pain relief after surgery, '•' 

The observed reduced absorption is believed to be caused by suppression of the 

15 vagal nervous system. The vagus nerve, nervus vagus, is the lO"' cranial nerve; 

suppressing the actiwty of the vagus nerve causes reduced gastric juice secretion and 
motility, both of which are associated with decreased absorption of NSAIDs. Sufficient 
fluid and a rather quick exit from stomach (hence entry to small intestine, the major site 
of absorption) is needed for efficient absorption. 

20 In another indicia of the inventor's belief that the bioavailability of a composition 

for an animal in pain is different than the same composition in an animal not in pain, it is 
now kriown that for some NSAIDs for which there are active and non-active isomers, 
e.g., ibuprofen, the conversion of the non-active isomer to the active isomer occurs 
predominately only when the animal is not in pain. For example, it has now been shown 

25 that the (R) isomer of ibuprofen (non-active) does not as readily convert to the (S) 
isomer (active) when the animal/human is in pain; the lack of conversion to the (S) 
isomer coH'elates with decreased absorption and decreased pain relief. 

The problem of decreased absorption in vagally suppressed mammals is further 
exacerbated by the relative insolubility of NSAIDs in an aqueous or gastric (acidic) 

30 environment. Finally, there is growing evidence that. these conditions, namely, 

reduction in stomach motility, stomach secretion diminution, and reduced absorption 
appear to be present in the elderiy, or what shall be termed herein, the geriatric 
stomach. 

Some prior art fonmulations, such as U.S.. Patents 6,197,336 and 4,834,966, 

-2- 
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dissolve the ibuprofen formulation prior to adminlstering.the composition. 

Other prior art formulations, e.g.. PCT/EP97/00841 , Incorporate an alkali metal 
bicarbonate Into the ibuprofen formulation to enhanbe the compressibility of the solid 
dosage form. These formulations include Ibuprofen as the active agent, the bicarbonate 
5 as a compressibility enhancer, a compressible filler, and a disintegrant (preferably 
croscarmellose sodium or sodium starch glycollate). 

Alkali metal carbonates and bicarbonates are soluble materials which have 
previously been proposed for use in effervescent tablets, for example to react with the 
acid component in an effervescent couple (see for example WO 94/10994) or to prevent 
10 initiation of the effen/escent reaction e.g. during storage. Effervescent tablets 
disintegrate by means of the reaction between acid and base particulariy in the 
presence of water leading to the production of carbon dioxide. The system of 
disintegration of non-effervescent dosage forms, according to the present invention, 
which are anranged to be swallowed and for which an effervescent reaction is not 
15 desired, is different to that of effervescent systems. The present dosage form does not 
contain any soluble acidic component with which the alkali metal carbonate or 
bicarbonate could react in an effervescent reaction. 

, .1 ' * 

(E) SUMMARY OF THE INVENTION 

20 It is desirable to provide an NSAID formulation that can deliver drugs into the 

blood stream despite a suppressed vagal systerri. . .. 

It would be advantageous to provide a cpmppsition having enhanced absorption 
of NSAIDs, which tend, to be poorly water soluble, as well as providing an improved 
concentration of the drug at the cellular level at the site of its action. It would also be 

25 advantageous to provide a method and composition for increasing the absorption rate of 
such poorly water-soluble active agents by increasing the disintegration efficiency of the 
composition in tablet form, by accelerating the time and speed of the tablet 
disintegrating into molecules in solution, and by increasing the speed by which active 
agent is available in solution for absorption. 

3 0 NSAIDs (or aspirin-like dmgs) are typically categorized into six structural groups. 

The first group are the salicylic acids and esters, including but not limited to, aspirin, 
benorylate. aloxiprin. salsalate and choline magnesium trisalicylate. The second are the 
propionic acid derivatives, including, but not limited to, ibuprofen, naproxen, flurbiprofen, 
ketoprofen, fenoprofen, fenbufen, benoxaprofen and suprofen. The third is the class of 
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oxlcams, Including, but not limited to, piroxicam and meloxicam. The fourth are acetic 
acid derivatives, such as phenylacetic acids, including but not limited to, diclofenac, 
ketorolac, and fenclofenac; and carbo- and heterocyclic acetic acids, including but not 
limited to, indoles such as indomethacin and sulindac, and pyrroles, such as tolmetin. 
5 The fifth are the pyrazolones. Including but not limited to, oxyphenbutazone, 
phenylbutazone, feprazone and azapropazone. The sixth are the fenamic acid 
derivatives, including but not limited to, flufenamic acid and mefenamic acid. 

Ibuprofen is sold under the trade mark BRUFEN (Boots Company). Other trade 
marks in the UK for ibuprofen are FENBID and APSIFEN, and in the US are RUFEN. 

10 ADVIL, MOTRIN and NUPRIN. Ibuprofen is poorly soluble in water: less than 1 part of 
drug will dissolve in 10,000 parts of water. However, It is fairly soluble In simple organic 
solvents. The most frequent adverse effect repofted js gastrointestinal. The drug is well 
absorbed and extensively bound to plasma proteins in vivo. It Is prescribed for 
rheumatic arthritis and other musculoskeletal disorders, as well as acute gout. The 

15 dosage of the dojg is typically from 600 to 1200 prig daily in divided doses, with 2.400 
mg per day being the maximum. 

Ibuprofen Is also Indicated for use in the treatment of rheumatoid arthritis, 
osteoarthritis, ankylosing spondylitis, seronegative arthropathies, periarticular disorders 
and soft tissue injuries. Ibuprofen may also be used in the treatment of postoperative 

20 pain, postpartum pain, dental pain, dysmenorrhoea, headache, musculoskeletal pain or 
the pain or discomfort associated with the following: respiratory infections, colds or 
influenza, gout or morning stiffness. 

A critical factor relating to the use of Ibuprofen to treat the above disorders 
concerns, as noted above, improving the onset of action of ibuprofen, particularly in the 

25 treatment of pain. This Issue partially concerns Improving the amount and speed of 
achieving a certain blood serum level of ibuprofen. It is believed that rapid 
disintegration of a formulation, beginning in the mouth, but primarily in the stomach, 
releases the dmg into the body more quickly, thereby leading to a more rapid onset of 
therapeutic action, as compared with a standard dosage form or with dosage forms 

30 calibrated against healthy individuals. Accordingly, it is desired to produce a solid 
dosage form for oral administration adapted to disintegrate quickly in the gastro- 
intestinal tract. It is also preferred that the dosage form is manufactured by compression 
on standard tabletting machines. 
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(±)-2-(4-lsobutylphenyl)propionic acid, ibuprofen, is a potent and well tolerated 
anti-inflammatory, analgesic and anti-pyretic compound. The racemic drug consists of 
equal parts of two enantlomers, namely S{+>-2T(4-isobutylphenyl)propionic acid or 
5 S(+)-ibuprofen and R(-)-2-(4-jsobutylphenyl)prqpionic acid or R(-)-ibuprofen. It is known 
that S(+)-ibuprofen is the active agent and that R(-)-ibuprofen is partially converted into 
S(+)-ibuprofen in humans. 

In accordance with one embodiment of the present invention, the composition 
contains an NSAID, preferably ibuprofen (hereinafter referred to as IB); a disintegration 

10 and dissolution agent, such as a bicarbonate, preferably sodium bicarbonate; and an 
ester of a fatty acid as an anti-precipitation agent. These ingredients are fomied into a 
tablet or solid form, a tablet having enhanced disintegration into particles and 
subsequently enhanced dissolution of the particles into dispersed molecules in solution. 
In accordance with the present invention* the bicarbonate is a disintegrator or 

15 disintegrating agent that increases the solubility of the NSAID. The anti-precipitant 
provides an interface between lipid and aqueous phases (i.e., under gastric conditions) 
and prevents and/or reduces precipitation of the ibuprofen in the gastric environment. 
While not intending to be limited to a particular mechanism of action, the inventor 
believes that the bicarbonate increases solubility by promoting the formation of sodium 

20 ibuprofen, a salt that Is readily converted to ibuprofen; ibuprofen precipitates under 
gastric conditions, so the anti-precipitation agent prevents precipitation by increasing 
the solubility of the ibuprofen In the gastric environment. 

For example, the sodium salt of ibuprofen may precipitate out in an acidic 
environment such as the stomach, thus reducing the amount of active ingredient 

25 available for absorption. The Inclusion of anti-precipitants, such as gelucire and other 
similar compounds, may be desirable in a composition of the present invention in order 
to prevent or reduce the amount of active ingredient that precipitates in an acidic 
environment. 

The compositions and methods of the present invention achieve chemically what 
30 happens biologically when NSAIDS are administered and absorbed in healthy subjects. 
Biologically, the stomach has a certain amount of movement or motility , as well as 
gastric juice, that.contrlbute to a tablet disintegrating Into particles, and then dissolving 
into molecules. 

In a vagally suppressed human, i.e., a human in pain and/or the geriatric 
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stomach, both ttie motility and gastric juice extraction are reduced. This results in 
delayed absorption. The present invention accelerates the time line of disintegration into 
particle fomi by chemically mimicking the agitation provided by the motility function, by 
initiating the disintegration from tablet form into particles as soon as the tablet is 
5 exposed to a very limited amount of fluid. In the presence of some moisture, the 
incorporated bicarbonate starts reacting with ibuprofen. The result is breaking down of 
the larger solid particles, enhancing solubility, and providing a greater amount of active 
agent earlier in the process, thereby accelerating the absorption rate, and thereby 
providing more relief, faster. 

10 The compositions and methods of the present invention achieve this result by 

sunrounding, capturing, or fonnulating active agent particles, such as ibuprofen, in a 
matrix or the like of a disintegrating agent that,, upon, exposure to an aqueous 
environment, promotes the break-up of the tablet into smaller particles of active agent, 
thereby increasing the availability of the active agegt for absorption. 

15 The solid dosage forms according to the, invention are adapted for direct 

administration to a patient to obtain the desired therapeutic effect. They are not 
intended to be dissolved or dispersed in water prior to administration. Furthemnore, the 
compressed dosage fomis according to the present invention need no further 
processing after compression of a composition comprising a mixture of the ingredients 

20 to produce a solid dosage form. 

The accompanying drawings show illustrative embodiments of the Invention from 
which these and other of the objectives, novel features and advantages will be readily 
apparent. 

25 (F) DESCRIPTION OF THE DRAWINGS 

Figure 1 shows plasma ibuprofen concentration in a representative patient a 

week before (I.e., healthy) and just after (i.e., in pain) dental extraction. Figure 1 is used 

to show that the semm level of ibuprofen in healthy patients does not correlate to the 

serum level of ibuprofen in patients who are in . pain. . 
3 0 Figure 2 graphically shows the suitability of an animal model (Is this the first time 

you are referring to the animal model?) used as 9n indicator of a human response, and 

used to test various formulations of the present invention. 

Figure 3 shows the plasma concentration time curve after the oral administration 

of a composition of the present invention (Fomnulation 1) versus Motrin (n = 6 per 
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group). / ■ ' . 'v-.-'h ■ 

Figure 4 shows the plasma concentratioh, time curve after the oral administration 
of a composition of the present invention (Fomiulation 2) versus Motrin (n = 6 per 
group). ,} . 

5 Figure 5 shows the plasma concentration time curve after the oral administration 

of a composition of the present invention (Formulation 3; n = 6) versus Motrin (n = 5, per 
group). 

Figure.6 jshows the enhanced absorptiqn characteristics of the compositions of 
the present invention as compared to Motrin. What, iS: this one? 
10 . . Figure 7 shpws the comparative di5SpJutipn profiles among ibuprofen ab^ 
ibuprofen and sodium bicarbonate; and ibuprofen^.^oplium bicarbonate, and gelucire. 

(G) DETAILED DESCRIPTION OF THE INVENTION 

The present invention is a composition containing an NSAID as an active agent, 
15 said composition having increased absorption in vagally suppressed systems. The 
composition may comprise an NSAID and a disir^tegr^tion and dissolution agent, such 
as a bicarbonate. The composition may further include an anti-precipitation agent. 

The present invention is also a composition .comprising ibuprofen, and a 
disintegration and dissolution agent, such as a bicarbonate. The invention also includes 
20 a method of treating inflammation or alleviating pain comprising administering a 
composition as described in this paragraph. 

The present invention is also a composition comprising ibuprofen, a 
disintegration and dissolution agent, such as a blcar^nate, and an anti-precipitation 
agent. The prefen-ed anti-preclpltatlon agent Is .Qeluclre. Such a composition Is 
25 characterized by having increased absorption of the active agent, as compared to other 
compositions when the comparison, assesses the absorption of the active agent under 
pain conditions. The invention also Includes a method of treating inflammation or 
alleviating pain comprising administering a composition as described in this paragraph. 

The present invention is also any of the above compositions, further comprising 
3 0 one or more lubricating agents, one or ore binders, one or more additional disintegrating 
agents, one or more flow aids, and/or one or nriore colorants and/or flavorants. 

The present Invention is also a method for indreasing the absorption of an 
NSAID-containIng composition, said method comprising providing a composition, such 
as one of the compositions described above, whose ingredients are specifically 
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formulated to increase absorption under pain^jcpnditions, i.e., In a vagally suppressed 
system. 

. .. Th.e present inyentiqn is also a meti^of^ pftr^atjng.acute pain in;iiumans 
cotnprlsing .adni|ni^tenng a .comppsi.tlQn accorcjin^i to.the present invention.. 
5 It will be appreciated that the present invehtiori provides a method of treating 

inflammation, p^in and pyrexia by administration of a pharmaceutical composition 
comprising racemic Ibuprofen, together with a pharmaceutically acceptable earner to a 
mammal, e.g. a human, in need thereof. Preferably the ibuprofen is present in one or 
more of its well known forms, namely, ibuprofen, its S(+) and R(-) enantiomers, 

1 0 including different enantiomeric ratios thereof, salts, hydrates, and other derivatives. 
The preferred form is,a dihydrate. Thp mps^preferr^d^fonri Is. the acid fomi. 

, - The ibuprofen may be also present in the form of any salt or other derivative of 
ibuprofpr).or its s|naptiome,ns. If n,ecpssg,ry, 1;heJ,buproi;en may comprise one. or more 
ibuprofen actiye.lngl-edients such as racernic .ilp.upraf^n and S(+)-ibuprofen in 

15 combin^tipin, Howey/er, vy[e prefer that. the ilDuprpferp cprnprises a single ibuprofen active 
ingredient. The jbupifpfen active agent may also be present in different degrees of 
hydration. The present, invention applies to both anhydrous and hydrated forms, for 
example the .mpnphydrate pr the. dihydrate. Th(? mpst stable anhydrous or hydrated 
form will generja.lly,be used. Prpfei:ably.;the ibuprpfen is inthefomn of a salt of racemic 

20 or S(+)-ibuprofen. Represents|tive examples inclq^lp alkali metal salts, for example the 
sodium or potassium salts of Ibuprofpn; alkaline! .pafth .metal salts, e.g. the calcium or 
magnesium .salts .of. il^uprofen; metal salts, .e.g.^thp.aluminlum salt of ibuprofen; amino 
acid salts for exaniple the /ys/ne or argjinine saltg.bf ib.uprofen: or amjne salts, e.g. the 
ITieglumirie salt of ibiiprofen. Preferably the ibupjrpfi^sn |s a single salt selected from alkali 

25 metal salts,, amino acid salts and amine salts. ..Tbp?e soluble Ibuprofen salts also have 
the advantage that; as they are more soluble in an aqueous medium, on release from 
the formulation they have improved.at)sorptipnj,th}js.lpading to an improved onset of 
action compared to the substantially insoluble forrns of ibuprofen. The sodium salt of 
ibuprofen is particulariy preferred, especially the spdium .salt .of racemic ibuprofen. It has 

3 0 been found that the dihydrate of the sodium salt of .racemic Ibuprofen is a particulariy 
stable.hydrated form, accordingly we prefer to use. fli^.sodium salt dihydrate in a 
compressed dosage fomi according to the present invention. 

» ' i 

-8-- • 
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The compositions and methods of the present invention are particularly suited to 
fomiing hon-aqueous granulations and to jsolld hon-efferyescent dosage forms. 

. , The present inyention further relates to the use of the aboye composition to 
provide tablets and granules that are fast dissolving and fast acting. The granulation 
5 and tableting composition also Includes normal excipients useful for the preparation of 
tablets. 

The present invention is also a composition comprising an NSAID as an active 
agent, and a bicarbonate as a disintegrating agent. The composition may further 
comprise one or more of the following: one or more diluents or fillers; one or more 

10 binders or adhesives; one or more additional disintegrating agents; one or more 

lubricating agents; and.on^ or more miscellaneous gdjuncts, such as colorants and/or 
flayprants, any of said adjuncts being weir knoyifn . to those skilled in the art. Any number 
of p.harmaceutical.ly;.active agents, may beepnployed in the fonmulations of the present 
invention, .These, active agents may. exist as .eithe.r,§cilids or liquids at standard 

15 temperature and pressure. Exemplary phartri^ceuticajly active agents suitable for use 
herein include, but are not limited to, the non-steroidal anti-inflammatory agents such as 
piroxicam, indomethacin, fenoprofen, meloxicam, and ibuprofen. In a preferred 
embodiment of the invention, the composition ,gnd method includes Ibuprofen as the 
active agent. 

2 0 . The compositions of the invention may contain about 1 -99% by weight of an 
NSAID, such as. ibuprofen, preferably up to qbout 6Q%. by weight, more preferably from 
about 1§% to about 50% by weight. ; and 10H6pyo.)3yfWeight;Of a bicarbonate, preferably 
betwe^,n abqut 2p. ''/Q.an?j( 50 .%,.gnd.more pref^'r^Jjjy, between about 30 % and 40 %, 
And, in compositions that include an anti-precipitant, preferably up to about 5% by 

2 5 weight, more preferiably from al)out 1 % .to about 3pyo by weight, and most preferably, 

from about 5% to about .7% by weight. 

The compositions of the invention are generally prepared in unit dosage form. 
Preferably the unit do.siage of ibuprofen. is in the. range, of 10-1200 mg in a pre-calculated 
amount to provide doses which are equivalent by weight to doses of for example 1 00 

3 0 mg, 200 mg, 400 mg or 800 mg of ibuprofen, 

.ThiB. bicarbonate can be any bicarbonat^.s,alt tiiat is pharmaceutlcally acceptable, 
prefei^bly sodium pn potassium bicartjongte. ..Th^alliali rnetal carbonate pr bicarbonate 
used in accordance .with the present inventiqnjiiayjsuitably comprise sodium carbonate 
or bicarbonate or potassium carbonate or bicarbonate either alone or rnixed together. 
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Preferably, the alkali :metal comprises .sodiumv]thu3 sodium bicarbonate and sodium 
bicarbonate arb preferred ingredients. Tlie alkali metal carbonates may be supplied 
anhydrous or in varying degrees of hydration for aKample the monohydrate and 
decahydrate. Any pf these forms may be used: 
5 In therapeutic use, ibuprofen may be administered orally, rectally, or topically, 

preferably orally or topically. Suitably the therapeutic tompositions of the present 
invention may take the form of any of the known pharmaceutical compositions for oral, 
rectal, or topical administration. Pharmaceutically acceptable carriers suitable for use in 
such compositions are well known in the art of pharmacy. 

10 Solid compositions for oral administration are^prefen-ed compositions of the 

invention. 3ncljhera .are known phamfiaQeuticgi fprnrislor su^^ administration, for 
example tablets and capsules. i i: : 

. yyithin th,e clpntext Af ,tK? present.despnpjtipn/ of the components and 

amounts thereof, refer to the weight and Identity of the starting materials used in 

15 preparing.the cpn[tppsition. .lt Is possible that jduri^ig preparation of the:composition 
and/or tablets^, some interaction jorreactlon.may.ocqur between two or more 
components. To the extent that such interaction or reaction occurs the present invention 
is intended to cpver such occurrences. , v 

, Norpial excipi^nts qpeful in.the preparajipn of the tablets include, but are not 

20 limited to:. lubricants suc|i as rnagnesium stearate, sodium stearyl fumarate and sodium 
benzoate; antijadhefents such a$ telp an(^ polyet!;iylen^ glidants such as colloidal 
silica; diluents.such as djcalclum phosphate, cellulose (for example microcrystalline 
cellulose) and its derivatives, carbohydrates and.,R9ly9lcphols such as saccharose, 
xylitol and lactose; disintegrants such as crosslioked. yinylic polymers (such as 

25 crpsslinked pVP), derivatives.of starch and of qeljulpse such as sodium 

carboxym^thyl-stgrQhj and .sodium croscarprielose; wetting agents such as TWEEN 80 
(Trademarl;c registeriad by I.CI of Americgs fpt; pply9orbate).and sodium lauryl sulphate. 

Suitable excipients and their amounts can be readily determined by those of 
ordinary skill in the art accqrding to the methods nqrmajly used in pharmaceutical 

3 0 technology. However, in the present invention,^ it. is important to avoid excipients that 
would cause a ^ignil^pant decrease in tablet .dissolution rate, Further, ewipients must 
allow a good workability of the tablet. 

J. In preparing the tablet of the present invention.it is preferable to prepare an IB 
granulate, to nriix it with the bicarbonate and the excipients, and then to compress. 
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An exemplary solid composition according to tlie invention may include a) 1-99% 
ibuprofen (preferat^ly 15-60%); b) 1-90% of a dijuent preferably 40-85%) and c) 0.5-25% 
of a solubilizer (preferably 1-10%) 0.1-10% of a lut^ricating agent (preferably 0.5 to 5%), 
d) 1-50% of a disintegrating agent (preferably ^-20%) and optionally e) 0.1-15% of a 
5 binder. Optionally 0,1.-1 0% of a flow.aid may b.e added. It vyill be appreciated by tliose 
skilled in the art that a particular excipient may perfdnri morie than one function for 
example maize starch niay act as a diluent, a binder or as a disintegrating agent. 

A preferred prodess for preparing a solid composition in tablet fomn comprises 
combining 10-90% of ibuprofen with 1-90% of a diluent, optionally adding other 
10 pharmaceutically acceptable excipiehts selected froni lubricating agents, disintegrating 
agents, binders, flQw aids, oils, fats.and waxes, rnixli^g the ingredients with one another 
to forni a uniform mixture, and compressing the. mixture thus obtained to fomn tablets 
which may.be optionally coated with a film cpat qrrai.sugar-coat. In a inost preferred 
process for. preparing a ^lid composition in tal3let,forpi, an active ingredient such as 
1 5 Ibuprofen is mixed, with a bicarbonate, such ,as. sodiuni bicarbonate under non-aqueous 
conditions. Fpr exjampip, in a/conventlonal graaulatjop, st^p, ibuprofen and sodium 
bicarbonate are combined using isopropyl alcohol as the diluent. 

Preferably the diluent includes lactose,, calcium phosphate, dextrin, 
micrpcrystalline pellulosjs, sucrose,- starch, calcjurn. sulphate, sodium bicarbonate, or 
20 mixtures thfi!repf. , .'!.,,.,. 

. Preferably thj? lubricating agent include^ magnesjurn stearate, stearic acid, 
calcium st^arate, sodium bicarbonate, or mixtqFes.thereof. More preferably the 
lubricating agent is magnesium stegrate or stea^ip. acid.. 

Preferably the disintegrating agent includes microcrystalllne cellulose, maize 
2 5 starch, sodium starplj glycollate, low sut)stituted hydnoxypropyl cellulose, alginic acid or 
croscarmellose sodiurn, sodium bicarbonate, br nriixturfes thereof. 

Preferably the, binder includes polyylnyl;py.rr6lidpnei.gelatln, gelucire, 
hydroxypropylmethyl cellulose, stardh, or mixtures thereof. 

, Suitable flovy aids include, but are not lirpited to talc and colloidal silicon dioxide. 
30 Liquid fill compositions (for (example, viscous liquid fills, liquid paste fills, or 

thixotropic liquid fills) are also suitable for oral administration. Melt filled compositions 
m^y,be qbt^ined by mixing ibuprofen with certairi. esters, of natural vegetable oil fatty 
acids, for example, the Gelucire (Trademarl<) range available from Gattefosse to provide 
a variety of release rates. Suitably a melt-filled capsule comprises a) 10-80% ibuprofen 
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and b) 20-90% of a fatty acid ester excipient which comprises one or more polyol esters 
and triglycerides of naturaf vegetable oil fatty ac'idsV 

Suitable pharmaceutically acceptable hydrophobic carriers' include th6 glycerides 
and partial glycerides. the prefenred carriers are knoWn under the trademaric Gelucire, 
5 and are cpmmercially available from Gattefosse Corporation, Hawthome, N.Y. 

Geliibires are available with varying physical characteristics such as melting point, HLB 
and solubilities in various solvents. The preferred Gelucire is Gelucire 44/14. 

For example, a tablet of the present invention may include 1-99% of an ibuprofen 
acid; about 10 to about 60% by weight of a bicarbonate; and 20-90% of a fatty acid 
1 0 ester excipient which comprises one or more polyol esters and triglycerides of natural 
vegetable oif fatty acids. The use of esters of fatty aicids, e.g., Gelucire, is well known to 
those skilled in the art, as is evident frorh the number of patents! that disclose its use. 
Exfemplary patents ii;icludeL but are nbtJimi]ted;Jqy!s:^P 6,361,796; U.S. Patent 
6.312,704; U.S. Pgtent 6,251 ;426; U.S..E^afent.®^242[,0pp,>nd U.S. Patent 6,238.689, 
15 arripng manMP^Nf^^ ^ V. c • ; 

. The compositions of the. present invention, mgy additionally comprise a taste 
masking cpmppnent for example a Sfweetener, a flavoring agent, arginine, sodium 
carbonate or sodium. bicarbonate. 

Solid non-efferyescent compositions are preferred compositions of the present 
20 invention. The preferred compositions are preferably formed into a tablet. 

In the compositions of the present inventipn the NSAID, such as ibuprofen, may, 
if desired, be associated with other qompgtible:Rhannaco|ogicaH active, ingredients 
and/Qr.enhanqjrig agents. Thus, tor expmpj.e/ ibuprofen may be combined with any 
ingredient cpm.moojy used in a cpugh or cojd remedy, for example, an antihistamine, 
25 caffeine or anpther xanthine derivative,, a cough suppressant, a decongestant, an 
expectorant, a muscle relaxant, or qombinations thereof. Exemplary compatible 
pharmacologically ^apliivelngred^ butAre npt lirnited to codeine, oxycodone, 

hydrocodone, and/or hydromprphone. 

Suitable antihistamines which are preferably non-sedating include acrivastine, 
30 astemizole, azatadine, azelastine, bromodiphenhyrdramine, brompheniramine, 

carbinoxamine, cetirizine, chlorpheniramine, cyproheptadine, dexbrompheniramine, 
dexchlorpheniramine, diphenhydramine, ebastine, ketqtifen, iodpxamide, loratldine, 
levocubastine, mequitazine, pxatornide, phenjni^lanjine, phenyltoloxamine, pyrilamine, 
setastine, tazifylllne, temelastine, terfenadine, tr!Pe!e.nnamine ortriprolldine. Suitable 
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cough suppressants include caramiphen, codeine or dextromethorphan. Suitable 
decongestants include pseudoephedrine, phenylpropanolamine and phenylephrine. 
Suitable expectorants include guaifensin, potassium citrate, potassium 
guaiacolsulphonate, potassium sulphate and terpin hydrate. 
5 In another aspect the present invention provides a method of preparing a 

phamnaceutical composition comprising IB together with sodium bicarbonate as an 
absorption aide. Ibuprofen and bicarbonate are administered in a solid dosage form 
which upon exposure to stomach juice they start to react to one another. This provides 
first disintegration, second, motion and third, increased solubility. The increased 

10 solubility is maintained by the presence of gelucire. 

. ./ I.n.a further .aspect the present ifiyention provides a. process to prepare a 
phamciaceutipalVconipb?^^^ comprising IB .a.nd a disintegrating agent, together with a 
phamriaceujtii:»!ly acceptable carrier cqiriprisiing pqmblnjn^ IB in solid fomi with a 
pharmace,ytic.a^^^^^^ carrier and forniulatinajh^^ a dosage form. 

15 A preferred process for preparing a solid coniposition in tablet form comprises 

pombining ^ 0-90%^ pf IB.vyith.l ^ of a ;djluent,| optionally adding other 
pharmaceutically acceptable excipients selected frorji* lubricating agents, disintegrating 
agents, binder?, flow aids, oils, fats and waxes,;mixing the ingredients with one another 
tp form a uniform mixture, and compressing the mixture thus obtained to form tablets 

2 0 which may be optionally coated with a film coat pr a sugar-coat. 

In a rnost preforred embodiment of the,lnyen^on, the present invention provides 
a process for prepanna ao . I B-containing fornfiulatipn .comprising the steps of: 
, , jn tl:\?i.al)sence of .rppisture, fine par^iQl^^s of .tbe.NSAID, prefera^ IB. 
bicarbonatp, preferably sodium. |3iparbonate, gelijicire, preferably grade 44/14, and 

25 optionally other excipients are thoroughly niixied and converted into granules. Granules 
may be. packaged as. individual dpsgs pr may be epniip^^^^ under low compression 
pressure to. fonri tablets. . . .. . .. 

The. mixing of the. ingredients may be ,achieye.d jn different ways. One way is to 
mix the NSAID and bicarbonate and placed them in afluidized bed system and while 

30 mixing, spray a solution of gelucire dissolved in a suitable vehicle preferably Isopropanol 
onto the suspending dry mixture. Another method is.to melt a mixture of gelucire and 
the jsiSAID:at the. lov/est possible temperature^nd after drying of the mixture mix well 
with bic9.rl31qnate.ln.the pre^enc or absence .qf a»5uital?le solvent preferably 
isopropranol. . . 
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A granulate composition of tlie present invention can be prepared by direct 
granulation of ibuprofen in the desired amount or, optionally, a first granulation of 
ibuprofen and one or more other additional ingredients as desired, or optionally, a 
5 second granulgtion after the first granulation wjth one or more additional ingredients. 

The granulates obtained according to the. above described methods are then 
screened, dried, combined with bicarbonate and any selected excipient(s) in the desired 
amounts and compressed in suitable molds for obtaining the desired tablets which can 
then be film coated, if desired. 

10 In addition to good handling and workability, the tablets of the present invention 

provide complete dissolution of the active ingredient in about 10 minutes or less. 
Consequently the release is faster with respect tp the commercially available ibuprofen 
based analgesic tablets (see example 2 below). , , . 

One skilled in the art readily recognises tiiat tablet compression provides certain 

15 benefits and characteristips in the admjnistratiop. and presentation of an active 
ingredient fpr acJsprptipn. It is also known to those skilled in the art that the exact 
composition of a tablet partially dictates the method apd attributes of the compression 
proces.s. for example,. it,is .generjally known that too much compression, may slow the 
release pr, .disintegration of the tablet into smaller particles. It is therefore an 

20 embodiment of the invention to:provide a tablet^iavipg been compressed within a range 
of compression. values th&t pron[iqte or. do not aidyersely affect disintegration of the 
tablet at the enhanced rate that fomis an embqdjmqrit of the present Invention. 

It will be appreciated by the person skilled in the art that due to the different 
excipients used in the formulation and varying amounts thereof that for any 

25 compression pressure, different formulations wjll haye different crushing strengths and 
disintegration times. Preferred dosage forms exhibit a crushing strength of 6.5-1 5Kp 
and a disintegration time of less than 10 . minutes, at a compression force above 80MPa. 
More preferred fprniulatiops exhibit a. cmshing strength of ,6.5-1 5Kp and a disintegration 
time of less than 10 niiputes. when compressed at. a. .compression force in the range 

3 0 1 00-140MPa suph G^s by ^ standard Jabletting .rrjachine, e.g. a rotary tabletting machine. 
Such compression pressures include, 110MPa,..120MPa and 130MPa. Especially 
preferred .dosage fomris exhibit a crushing strein.gth . of . 6.5-1 5Kp and a disintegration time 
of less than 1Q i^inut0s when compressed atall. press.ures in the rarige. 100-140MPa. 
The disintegration time of the tablet fomied in accordance with the present 
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invention is less tlian .1 0. minutes as measured, by the metiiod described in the 
European Pharmacopoeia 1986, Ref V .5.1.1 (updated 1995) (A. Disintegration Test for 
Tablets and Capsules). Preferred disintegration times are less than 6 minutes (e.g. 1-6 
minutes),, more preferably less than 5 minutes (e.g. i-5 minutes) and most preferably 3 
minutes or less (e.g.,1-3 minutes). 

As used herein, a diluent or filler is used in its conventional pharmacological 
definition, and refers to an ingredient that adds necessary bullc to a formulation to 
prepare tablets of a desired size. 

As used herein, a binder or adhesive is used in its conventional pharmacological 
definition, and refers to an ingredient that promotes the adhesion of the particles of the 
formulation. . . 

As used herein, a disintegrator or disintegrating agent is used in its conventional 
pharmacological definition, and refers to an ingredieajt that promotes the post- 
administratipn brisak-up.of the tablets into smaller particles fpr more ready drug 
ayailabjlity.. 

As Msed herejn, ^ lubricant or lubricating .agent is used in its conventional 
pharmacological definition, and refers. to an ingredient that enhances the flow of the 
tabletting material into the tablet dies, and prevents the tabletting material from sticking 
to punches and. dies;. • . , . 

As used herein, enhanced absorption oi: similar temris and phrases relating to the 
relative speed, rate, and/or quantity of the bioavailability of the active agent. In 
accordance;. with the.present invention, enhgpced gbsprptipn is measured in reference 
to the standard in the industry, Motrin. In esseppei thp compositions of the present 
invention provide, to a patient in pain, a greate[;,Qoncentration of active agent faster, as 
compared to the bioavailability curve for Motrin. For example, see Figure 7. In 
graphical or mathematical terms, enhanced absorption may be determined or quantified 
by using the area under the curve (AUG). As ^hown in Figure 7, the extent and rate of 
absorption, as represented by the AUG, for the formulations of the present invention, 
delivers a greater amount of active agent in a shorter time frame as compared to Motrin. 
In accordance with the teachings of the present invention, it is Important to determine 
enhanced absorption of a particular composition as It.applies to a patient in pain, or data 
obtained from a patient or subject in pain. 

In therapeutic use the dosage fonms of the present Invention are administered 
orally, thus the therapeutic dosage forms are presented in solid dosage form, preferably 
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as a tablet. The dosage forms may be coated with a sugar or film coating, which 
dissolves substantially immediately the dosage form comes into contact with an 
aqueous medium. The composition may also be compressed onto a solid core of 
another material to forrn a solid fonnulation with an quick release outer coating. 
5 Alternatively* the compressed composition may be present in one or more layers of a 
multi-layer solid dosage form. In such formulations the remaining layers or core may 
comprise standard excipients to provide conventional, fast or slow release and are well 
within the knowledge of a person skilled in the art (e.g., see Remington's 
Pharmaceutical Sciences, 17th Edition, Ed Gennaro et al; or Ansel's "Introduction to 
10 Pharmaceutical Dosage Forms", 2""^ edition. Henry Kimpton Publishers). 

. The following Examples illustrate specific formulations comprehended by the 
present invention, and methods for t^eir preparatiori. The Examples are not intended to 
beJimiting to .the .scope of the. invention, in any respect aad should not be so construed. 

15 ...... ... EXAMPLES,.. 

Example , 1. ArjijTiaJ. Model. , i, . . . . 

Delayed absorption caused by vagal suppression that has previously been 

reported in the literature (e.g., Jamali & Axelson, 1997) was used to test the absorption 

rates of new ibuprofen formulations. 
2 0 The sinimal models are Adult male Sprague-Dawley rats with body weight of 250- 

300 g, and vyhlPh W^re qared for jn accordance with the principles and guidelines of the 

Cana^lian Council qf Animal Care. All rats were catheterlzed In the right jugular vein for 

sample collection., . . . .. 

An animal model having suppressed yagal properties were produced by 

2 5 administering (intraperitoneal, injection) to the rats two 20 mg/kg doses of propantheline 

(test, n=6), an anticholinergic agent with knpwn vagal suppressive properties, the first 
dose at 2 hoiirs prior to administration of an NSAI.D, and the second at 1 hour prior. 

One hour after the second dose of propantheline, 20 mg/kg doses of a 
commercially available ibuprofen tablet (Motrin 200mg tablets, available from McNeil, 

3 0 Guelph, Canadg, KIN 021 86934, Batch 1 51. ^79/(.L)F31 6/Exp March 2001 ) were 

administered. The tablets were crushed gently and small pieces were administered into 
the stomsich yl^. a plastic tube followed by 0.5 mL.tap water. Animals were fasted after 
the first dose of propantheline until 4 hours post-ibuprofen dose. They had free access 
to water.. 
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Serial blood samplefs were Withdrawri 'from the jugular vein cannula at suitable 
times post-ibuprofen dose. Plasma was separated and kept at -20**C until analyzed for 
ibuprofen using a high pe^rfomriance! chromatography method (Wright et ai, 1992). 

R!fesults . tabfe 1 arid FiQtire 2'show that the absorption rate for ibuprofen in a 
5 vagaliy sujDpi^essed' rat* model to what Is reported in humans 

(Jamali & Kunz, 1999). Propantheline treatment (i.e., vagal suppression) caused a 
substantial and significant delay in absorption of ibuprofen. Notably, AUC(0-1). a 
reliable measure of absorption-rate was significantly reduced from 48.7 to 12.2 pg/h/mL. 

1 0 Table 1 . Bioavailability indices following oral administration of 20 mg/kg of ibuprofen as 
crushed, tablets to jc^ontroi and Vagal-suppressed (Pain Model) rats. 





Jtuax 


Cmax \ : . J 


,AUC(0-1) 


AUG (0-8) 


Rats 


•hour 


pg/mL •■ 


' |jg/h/mL-^ 


pg/h/mL-^ 


Control . 


0.28 


40.4 


48.7 


139 


Pain Model 


0.75 


13.8* 


12.2* 


81.8 


* significantly different from Conti^oi (a =0.05) ' '/ ' 



■ 1 



15 Example 2. • 

The rat model described in Example 1 was used to test whether an ibuprofen 
fomiulation can be made with rapid absorption-rate regardless of vagal suppression. 

This example shows three formulations, a granule and two tablets, are rapidly 
absorbed even when vagal suppression is present. 
20 Formulation 1 (Ibuprofen granules): Ibuprofen 1000 g; sodium bicarbonate 497 

g; and gelucire 41 g. To administer 20 mg/kg of ibuprofen to a 300 gram rat, 9.3 mg of 
this composition was dosed. 

Formulation 2 (tablet, wet granulation): Ibuprofen 200 g, sodium bicarbonate 80 
g, gelucire 15 g, hypromellose 20 g, pre-gelatanized starch 168.4 g; microcrystalline 
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cellulose 84.0 g; sodium croscarmellose 28.0 g; and magnesium stearate 3.0 g. Each 
tablet weighed 299 mg and contained 100 mg ibuprofen, to administer 20 mg/kg of 
ibuprofen ito a . 300 gram rat, the tablet was gently broken into small pieces and 17.9 mg 
of this composition was dosed. 

Formulation 3 (tablet, dry granulation): Ibuprofen granule 583.7 g (Ibuprofen 200 
g, Sodium bicariaohate 80 g, Geluclre.is g. Maize starch 17.7 g, Sodium croscannellose 
42.0 g, microcrystalline cellulose 58.3.0 g, and precipitated silica 11.7); pre-gelatanized 
starch 361.5 g, micrdcrystalllne cellulose 180.8 g, Sodium croscamieilose 41.0 g, and 
maghesium stearatie 6.0 g.' Each tablet weighed 586.5 mg and contained 100 mg 
ibuprofen. To administer 20 mg/kg of ibuprofen to a 300 gram rat. the tablet was gently 
broKen into small .pieces and 35.2 mg of this composition was dosed. . 

In the vag.alrsuppressed rat. all of the invented fomiulatlons exhibited significantly 
more rapid 'allsorptlpn than Motrlr\.(2p mg/kg of jibuprpfen as cmsh^d Motrin tablets). 
See Tabjes.?.- 4,apfl Figures 3-5. 



Table 2 (Formulation #1) 





Tnfiax . 


Cmax .. 


AUC(O-I) .. 


,AUC(0-8) 


Formulation ^ nr'- 




pg/mL • . . . 


pg/h/mL-^ 


pg/h/mL^ 


Motrin ' ■ 


0:75 


13.8 •■ • 


•12.2 


81.8- 


Formulation #1 ^ 


0.17* 


42.0* 


45.6* 


123 



* Significantly (a =p.05) different from' Motrin 



Formulation #1 granules (Table 2) exhib'rted the fastest absorption-rate. The first 
collected sample (io minutes post-dose) contained the highest ibuprofen concentration. 
2 0 The plasma ibuprofen cohceritration-tlme cun/e hadja smooth pattern with no evidence 
ofmulti-peaking. " See Figure 3. ' . 

As expected and is shown In Figure 2, the plasma ibuprofen conc6ntration-time 
curve following Motrin administration to vagal-suppressed rats demonstrated a slower 
and erratic absorption'than Formulation #1 and also Motrin in control animals (see 
25 Figure 3). .' • 
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Table 3 (Formulation #2) 





Tmax 


Cmax 


AUC(O-I) . 


AUC(0-8) 


Formulation . . 


h- 


|jg/mL . 


Mg/h/mL'^ . 


Mg/h/mL'^ : 


Motrin 


1.5 


14.5 


10.4 


81.2 


Formulation #2 


0.25* 


19.7 


24.7* 


63.1 





* Significantly (a =0.05) different from l\/lotrin 



Table 4 (Formuiatioh #3) 





:Tma)i 


Cmax 


AUC(0-1) 


AUC(0-8) 


Formulation 


'H' 


|jg/mL 


jjg/h/mL'^ 


|jg/h/mL"^ 


Motrin 


6.0 


7.12 


6.12 


88.8 


Formulation #3 


0.5* 


13.0 


16.2* 


75.8 



* Significantly (a =0.05) different from Motrin 



Both tablet forrriulations exhibited significantly more rapid absorption than Motrin 
10 as reflected by over two fold increase in AUC(O-I) for both Fomiulation #2 (Figure 4, 
Table 3) and Fomiulation #3 (Figure 5, Table 4). 

; 

Conclusions 

1 . Absorption profile of ibuprofen in vagal-suppressed (propantheline-treated) rats is 
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similar to that of humans following dental surgery. 
2. Absorption of a commercially available ibuprofen tablet is slowed down in both 

propantheline-treated rats and humans following dental surgery 
'3. Ibupirofeh grahiilfes 'prepared under conditions described h^re have significantly 
5 • improved absorption rate in propantheline-treated rats as compared with a 

crushed commercially available ibuprofen tablet. 
4. Ibuprofen tablets prepared under conditions described here have significantly 

improved absorption rate in propantheline-treated rats as compared with a 

cnjshed commercially available ibuprofen tablet. 

10 

Example 3, In vitro , dissolution te ....... 

Using .the,U.S. .Phar;rnaDQipoeia Apparatus. !), the dissolution rates, of ibuprofen 
alone, ibuprqfeji plys sqdium bicarbp.aat^(1.:1 mplar.based). and ibuprofen plus sodium 
bicarbonate molar jbased) Rl.us;ge|ucire (5%. tQtaj ..weight) were assessed, The 
15 apparatus pontained;2.g^^^^^ 7 mL of concentrated HCI (pH 1.2) in SOO mL 

water. Theirp,ediMiT];W^$ ,k^pt a^ gind w^§ stirred with a rotating paddle at 75 
rounds. per minute. j Ibuprofen was. fletepted.ajt 232 nm. The amount dissolved per unit 
time is shownjn Figure 7... . , .v . 

20 

:., , ..Although thg present invention has been described In terms of a particular 
prefen-ed epnb,qdlnientp^ it is not lirnlted to thps^ .embodiments. Alternative 
embodiment?., .exartjple^^^^ iTiodifications whiph. would still be encompassed by the. 
(nvention may. be,m§de .by those sitilled. in the art, particularly in light of the foregoing 
25 teachings. 



■ - i.!. ■ ■■} ' ' . .... .-1 • ■ =■ 
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(H) Claims: 

1 . A pharmaceutical composition comprising a non-steroidal anti-inflammatory 

active agent, at least one disintegration agent, and at least one anti-precipitation 
agent. 

5 2. The pharmaceutical composition of claim 1 wherein the anti-inflammatory active 
agent is selected from the group consisting of piroxicam, meloxicam, 
indomethacin, fendprofen, ketorolac, naproxen, and ibuprofen. 

3. The phanmaceutical composition of claim 1 wherein the disintegration agent is an 

alkali metal carbonate. 

10 4. The phamiaceutical composition of claim 4 wherein the alkali metal carbonate is 
sodium bicarbonate. 

5. The pharmaceuticai composition of claim 1 wherein the anti-precipitation agent is a 
fatty acid ester. 

6. The pharmaceutical agent of ciaim 5 wherein the fatty acid ester is gelucire. 
15 7. The pharmaceutical composition of claim 1 comprising ibuprofen, sodium 

bicarbonate, and gelucire. 

8. The pharmaceutical composition of claim 7 further comprising hypromellose, pre- 
gelatinized starch, microcrystalline celluiose, sodium croscamiellose, and magnesium 
stearate. 

20 9. The pharmaceutical composition of claim 8 further comprising maize starch, and 
precipitated silica. 

10. A method for the treatment of inflammation comprising supplying an anti- 
inflammation formulation, said fomiulation comprising a non-steroidal anti-inflammatory 
active agent and a disintegrating agent comprising an alkali metal carbonate; and 
25 administering said formulation. 
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1 1 . The method of claim 10 further comprising supplying an anti-Inflammation 
formulation further comprising an anti-precipitation agent. 

12. The method of claim 1 1 wherein the anti-Inflammation formulation comprises 
ibuprofen, a bicarbonate, and a fatty acid ester. 
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Figure 1 
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Fig 7. Dissolution profile of ibuprofen in different formulations 
(mean**-/* SD, n-3) 
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